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Introduction
In the approved Rel-15 NR WID [1], the objectiveness relating to NR-LTE coexistence is described as: 
-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
This contribution firstly discusses the general deployment cases with UL NR-LTE coexistence, followed by the discussions of technical issues highlighted in last RAN1 meeting, including 7.5kHz frequency shift, compensation of DL/UL pathloss difference in UL power control and timing offset between NR DL and NR UL due to difference in DL/UL channel delay profiles. 
General discussions on UL NR-LTE coexistence
One major motivation to have NR-LTE coexistence in uplink is support a deployment in which the NR UL is allocated in a lower frequency band currently assigned to LTE and the NR DL is allocated in a higher frequency band dedicated for NR. RAN4 agreed the following band combinations for this kind of deployment in Rel-15, where the lower frequency band is FDD band and the higher frequency band is TDD band:
· 1710-1785MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 832-862MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 880-915MHz (UL)/3.3-4.2 GHz(DL&UL) 
· 703-748MHz (UL)/3.3-4.2 GHz(DL&UL)
There are two benefits claimed for such band combination: 
· Better NR UL coverage in lower frequency band than in higher frequency band;
· Efficient resource utilization in LTE-FDD band in case LTE UL has lower traffic load than LTE DL. 
Nevertheless, according to evaluation results summarized in Annex A.3 of [2] and observations made in [2] for flexible duplexing (some are highlighted in Appendix I of this paper), both static UL/DL resource partition and flexible duplexing with cross-link interference mitigation can provide sufficient coverage and acceptable UPT at 4GHz in both DL and UL, with the same cell size assumptions as in LTE for InH, UMi and UMa. 
Meanwhile, due to coupling loss difference between higher-frequency DL and lower-frequency UL, the above-mentioned band combination may introduce the “coverage holes”, given such NR-LTE shared UL is only agreed in RAN1 for co-site deployment. This can be explained from the coupling loss CDFs, which are shown in Figure 1 for 700M/900M/2G/3.5GHz. It can be seen that, even with beamforming enhancement, the NR DL coupling loss at 3.5GHz is quite likely about 5dB lower than UL coupling loss at 2GHz, and about 10dB lower than UL coupling loss at 700MHz. Although the gNB is deemed to have a larger transmission power than UE, this larger transmission power is usually distributed among traffic to multiple FDMed UEs, which may not provide each UE with the sufficient power to guarantee the DL coverage matching with UL (according to the pathloss model defined in TR38.901, for a pathloss term of 40log10(d),  6dB decreasing in coupling loss results in 0.7 time shrinking of coverage radius).  Those “coverage holes” would anyway need additional deployment sites, as shown in Figure 2, where F1 refers to NR/LTE shared frequency and F2 is dedicated frequency for NR.          
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[bookmark: _Ref481505169]Figure 1 Coupling loss CDF


[bookmark: _Ref481507980]Figure 2 DL/UL coverage with NR-LTE shared UL
Regarding to the second benefit mentioned earlier on efficient utilization of frequency resource in LTE FDD band in case LTE UL traffic is low so that there are some resources remaining unused in LTE UL, to assign these unused resources to NR UL can be a saving solution to some extent. However, this solution comes with a potential limitation on the resources available to NR UL, which can lead to a mismatch to NR DL/UL traffic volumes/ratio given the NR DL on a dedicated NR carrier can have a bandwidth much larger than 20MHz, the largest bandwidth of shared UL. 
Based on above analysis, the NR-LTE UL coexistence combined with a NR dedicated DL on a much higher frequency may be helpful on the issues (e.g., NR UL coverage with LTE cell size at higher frequency, under-utilization of LTE UL resources) for which it is motivated, but on the other hand owns some other issues/limitations (e.g., NR DL coverage holes for the LTE cell size at higher frequency, limited channel capacity for NR UL compared to extensive DL capacity).With such issues/limitations plus the costs paid for the resource sharing between two RATs, the NR-LTE UL coexistence combined with a NR dedicated DL on a much higher frequency could hardly be the typical deployment choice for NR.  
Some technical issues for NR-LTE coexistence on UL
Misalignment of NR/LTE UL subcarriers
The LTE UL OFDM baseband signal generation contains a 7.5kHz subcarrier shift, which is not agreed so far for NR UL. In case the NR UL and LTE UL coexist in a same component carrier, three alternatives are provided in RAN1 #88bis: 
· Alt 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Alt 2: 7.5 kHz shift at baseband
· Alt 3: NR UL raster with a 7.5 kHz shift to the LTE UL raster
Our simulation results shown in Figure 3 indicate that, 
· For a low MCS such as QPSK ¾, the performance with 7.5kHz subcarrier misalignment is almost the same as single RAT (i.e., full alignment of subcarriers), which means Alt-1 can work for low MCS with almost no performance degradation.  
· For a high MCS such as 256QAM ½, no guard PRB leads to about 2dB performance degradation; and the guard band of one or more PRBs results in the performance very close to that of single RAT (i.e, full alignment of subcarriers). 
The above simulation results mean that, in case LTE UL with 7.5kHz shift and NR UL without 7.5kHz shift coexist in the same subframe, no guard RB is needed as long as the scheduler assigns low MCS to the NR/LTE allocation adjacent to different RAT and high MCS to the allocation only next to the same RAT. As mentioned earlier, one of motivations and assumptions to have NR UL signal in LTE UL subframe is that the LTE UL is light-loaded, which means the low MCS is very likely the case for LTE UL.  
Therefore, compared with other two options, Alt 1 listed above, which echoes the conclusion of NR SI, is a better choice. The inter-subcarrier interference between NR and LTE uplink transmissions can be avoided jointly by the MCS and guard band provided by scheduler, or avoided by arranging LTE UL and NR UL in different subframes.
Proposal 1: To adopt Alt-1 (do nothing) for NR/LTE subcarrier alignment. 
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[bookmark: _Ref481585800]Figure 3 BLER performance for Alt 1 with various guard PRB sizes
Uplink power control
In current LTE specification, the UL open-loop power control relies on the estimation of downlink pathloss, which depends on the assumption that the DL pathloss and UL pathloss are somehow correlated and are not differentiated too much. Any residue differentiation is corrected by the close-loop power control. This assumption may not be valid anymore if frequency separation is too large between DL and UL, and/or the antenna gains are too different between DL and UL, both of which are possible for the NR-LTE UL coexistence combined with a NR dedicated DL on a much higher frequency. However, our view is to discuss this issue together with other UL power control issues in a RAN1 agenda dedicated for UL power control, based on the following reasons:  
· This power control issue has nothing to do with the coexistence between LTE UL signal and NR UL signal, and can occur even for the exclusive NR deployment with no LTE signal getting involved. 
· The antenna-dependent pathloss difference between DL and UL would be also relating to the beam based power control, which will be discussed in a different RAN1 agenda from NR-LTE coexistence. 
· 


Depending on whether the RAN1 agenda dedicated to UL power control agrees NR UL power control follows the similar power control common formulation in LTE, i.e., , the pathloss difference between DL and UL maybe already covered by the parameter configurability of {, }.  
Proposal 2: To discuss the DL/UL pathloss differentiation issue with other UL power control issues in a RAN1 agenda dedicated for UL power control. 
Timing offset
RAN1 #88bis concluded to study further the potential timing offset due to differences in channel delay profiles between UL and DL, where UL and DL carriers are in different frequency ranges. It should be noted that, even though in reality the channel delay profiles could be frequency dependent, there is no definition regarding to frequency dependencies in NR channel model (TR 38.901) for RMS delay scaling parameters in both TDL/CDL model and small scale fading model, which fails to support further RAN1 study for this particular issue from both the link level and system level simulations. It seems RAN1 may need to firstly agree on a channel model extension for the study of this particular issue, for example, the relationship between RMS delay scaling factor of TDL/CDL model and the frequency range. 
Resource sharing between NR and LTE on UL
With the assistance of mini-slot structure, RAN1 acknowledged that the DL resource sharing between NR and LTE can be realized by dynamic scheduling and semi-static resource reservation in the framework of forward compatibility. The same principle and mechanisms can apply to UL as well if NR UL and LTE UL share the same subframe. 
· For the LTE UL signals (such as PUCCH, SRS and PRACH) whose transmissions are confined within the configurable or fixed resource areas, the configured resources for these UL signals can be marked as reserved resources in NR system. 
· For the other LTE UL signals (such as PUSCH), the resource sharing with NR UL signals can rely on both resource reservation and dynamic scheduling.  
Besides, NR UL and LTE UL can be distributed by scheduling to different subframes if needed. 
Proposal 3: To rely on the dynamic scheduling and semi-static resource reservation for forward compatibility to support the resource sharing between NR and LTE on UL. 
Conclusion
This contribution concludes with following proposals: 
Proposal 1: To adopt Alt-1 (do nothing) for NR/LTE subcarrier alignment. 
Proposal 2: To discuss the DL/UL pathloss differentiation issue with other UL power control issues in a RAN1 agenda dedicated for UL power control. 
Proposal 3: To rely on the dynamic scheduling and semi-static resource reservation for forward compatibility to support the resource sharing between NR and LTE on UL. 
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Appendix I Evaluation results from TR38.802
The following system-level evaluation results regarding to DL/UL coverage and UPT with flexible duplexing at 4GHz are among the acknowledged conclusions from NR study item. 
· Tables A.3.1.1-2 and A.3.1.1-3 for InH. 
· Tables A.3.1.2-3 for UMi.
· Tables A.3.1.3-1 for UMa.
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Table A.3.1.1-2: Evaluation results for indoor hotspot (source 2)
	Source 2 (R1-1702247) Indoor Hotspot Scenario 

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)
	served packet including late arrival packets (%)**
	served packet without late arrival packets (%)**

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	RU (%)
	
	

	2:1
(DL λ=0.25)
	Scheme 1
	37.76
	45.22
	49.42
	44.33
	3.49
	29.41
	41.58
	46.32
	40.36
	1.68
	88
	100

	
	Scheme 1a*
	45.31
	54.26
	59.30
	53.20
	
	35.29
	49.90
	55.58
	48.43
	
	 
	 

	
	Scheme 2
	7.21
	41.84
	48.01
	38.28
	4.23
	0.43
	35.07
	44.25
	29.50
	2.01
	85
	100

	
	Gain1over2(%)
	423.7
	8.08
	2.94
	15.80
	
	6740
	18.56
	4.68
	36.81
	 
	 
	 

	
	Gain1aover2(%)
	528.4
	29.68
	23.52
	38.98
	
	8107
	42.29
	25.60
	64.17
	 
	 
	 

	1:1
(DL λ=0.5)
	Scheme 1
	26.32
	39.26
	46.18
	38.44
	7.25
	24.19
	35.65
	42.64
	34.92
	7.27
	90
	100

	
	Scheme 1a*
	31.59
	47.11
	55.41
	46.13
	
	29.03
	42.78
	51.17
	41.90
	 
	 
	 

	
	Scheme 2
	5.79
	32.63
	42.65
	28.94
	9.13
	1.08
	17.35
	37.50
	17.71
	8.84
	84
	100

	
	Gain1over2(%)
	354.6
	20.32
	8.28
	32.83
	 
	123.98
	105.5
	13.71
	97.18
	 
	 
	 

	
	Gain1aover2(%)
	445.6
	44.38
	29.92
	59.40
	 
	168.80
	146.6
	36.45
	136.6
	 
	 
	 

	2:1
(DL λ=0.5)
	Scheme 1
	26.58
	41.85
	47.92
	40.46
	7.15
	25.75
	38.37
	46.31
	37.85
	3.48
	87
	100

	
	Scheme 1a*
	31.89
	50.23
	57.51
	48.56
	 
	30.89
	46.05
	55.57
	45.42
	 
	 
	 

	
	Scheme 2
	6.43
	38.19
	45.69
	34.62
	8.85
	0.40
	24.00
	43.24
	22.60
	4.19
	83
	100

	
	Scheme 3
	17.61
	36.65
	40.84
	34.87
	7.13
	12.56
	16.26
	18.95
	16.16
	3.46
	87
	100

	
	Gain1over2(%)
	313.4
	9.58
	4.88
	16.87
	 
	6338
	59.87
	7.10
	67.48
	 
	 
	 

	
	Gain1aover2(%)
	356.0
	31.53
	25.87
	40.27
	 
	7623
	91.88
	28.46
	101.0
	 
	 
	 

	
	Gain1aover3(%)
	50.94
	14.19
	17.34
	16.03
	 
	105.0
	136.0
	144.4
	134.2
	 
	 
	 

	1:1
(DL λ=1)
	Scheme 1
	14.12
	29.84
	39.60
	29.15
	15.66
	11.98
	26.10
	36.38
	25.32
	16.19
	89
	100

	
	Scheme 1a*
	16.94
	35.81
	47.52
	34.98
	 
	14.38
	31.31
	43.66
	30.38
	 
	 
	 

	
	Scheme 2
	1.94
	14.70
	32.97
	15.91
	21.06
	1.07
	6.05
	25.13
	9.16
	20.47
	80
	100

	
	Gain1over2(%)
	627.8
	103.0
	20.11
	83.22
	 
	1020
	331.4
	44.77
	176.4
	 
	 
	 

	
	Gain1aover2(%)
	773.2
	143.6
	44.13
	119.9
	 
	1244
	617.5
	73.74
	231.7
	 
	 
	 

	2:1
(DL λ=1)
	Scheme 1
	14.76
	34.41
	43.53
	33.13
	15.11
	14.18
	31.98
	44.39
	30.67
	7.52
	86
	100

	
	Scheme 1a*
	17.71
	41.29
	52.24
	39.75
	 
	17.01
	38.38
	53.26
	36.81
	 
	 
	 

	
	Scheme 2
	3.87
	25.54
	40.05
	23.42
	19.52
	0.39
	11.88
	37.68
	15.43
	9.25
	79
	100

	
	Scheme 3
	10.34
	30.42
	38.60
	28.72
	15.04
	8.76
	13.70
	17.84
	13.62
	7.29
	86
	100

	
	Gain1over2(%)
	281.4
	34.73
	8.69
	41.46
	 
	3536
	169.2
	17.81
	98.77
	 
	 
	 

	
	Gain1aover2(%)
	357.6
	61.67
	30.44
	69.73
	 
	4262
	223.1
	41.35
	138.6
	 
	 
	 

	
	Gain1aover3(%)
	42.75
	13.12
	12.77
	15.36
	 
	61.87
	133.4
	148.8
	125.2
	 
	 
	 

	* UPT results in scheme 1a is a prorated version of scheme 1, assuming 2 symbols less signaling overhead.
** Since the simulation assumes unlimited amount of ARQ attempts, unfinished packet are only due to their late arrival time. The transmission of these late-arrival packets did not finish before the end of simulation.
FTP packet size = 0.1 MB
Interference management schemes:
scheme 1: Link adaptation based on time-aligned DL and UL interference measurement in the scheduled resource
scheme 1a: Link adaption based on time-aligned DL and UL interference measurement in the scheduled resource and cross-slot scheduling 
scheme 2: Dynamic TDD without CIM
scheme 3: static TDD with configuration DDUDDUDDUD for DL/UL ratio 2:1


Table A.3.1.1-3: Evaluation results for indoor hotspot (source 4)
	Source 4 (R1-1703509), Indoor Hotspot Scenario 

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Mean
	Served / Offered (%)
	RU (%)

	2:1 
Low load  
	Static TDD
	4.586
	63.217
	101.282
	62.258
	99.481
	4.941
	17.919
	59.576
	78.431
	48.949
	100.000 
	1.849

	
	Dynamic TDD
	3.221
-29.76%
	112.833
+78.49%
	166.667
+64.56%
	108.641
+74.50%
	99.481
	3.890 
	1.007
-94.38%
	81.165
+36.24%
	136.302
+73.79%
	70.146
+43.30%
	98.514
	2.971

	
	Dynamic TDD with sensing (-82dBm)
	8.408
+83.34%
	115.055
+82.00%
	166.667
+64.56%
	110.899
+78.13%
	100.000 
	3.371
	23.334
+30.22%
	112.837
+89.40%
	190.476
+142.86%
	101.786
+107.94%
	99.719
	1.756

	2:1
Medium load
	Static TDD
	3.015
	12.512
	38.309
	16.194
	97.729
	27.954
	5.142
	44.087
	76.933
	42.145
	99.497
	4.551

	
	Dynamic TDD
	0.959
-68.19%
	15.228
+21.71%
	61.738
+61.16%
	21.636
+33.61%
	89.607
	35.584
	0.148
-97.12%
	3.858
-91.25%
	67.643
-12.08%
	14.832
-64.81%
	72.187
	29.808

	
	Dynamic TDD with sensing (-82dBm)
	9.589
+218.04%
	38.376
+206.71%
	81.761
+113.43%
	41.415
+115.75%
	98.603
	18.386
	5.598
+8.87%
	44.853
+1.74%
	105.75
+37.46%
	48.244
+14.47%
	99.267
	8.071

	2:1
High load
	Static TDD
	1.600 
	8.945
	32.201
	12.274
	93.387
	35.275
	2.809
	21.462
	52.422
	22.536
	97.627
	12.805

	
	Dynamic TDD
	0.818
-48.88%
	4.388
-50.94%
	34.272
+6.43%
	9.486
-22.71%
	85.414
	42.485
	0.150
-94.66%
	2.118
-90.13%
	21.088
-59.77%
	6.280
-72.13%
	55.427
	33.121

	
	Dynamic TDD with sensing (-82dBm)
	2.633
+64.56%
	18.797
+110.14%
	64.608
+100.64%
	25.659
+109.05%
	94.927
	29.331
	1.966
-30.01%
	21.917
+2.12%
	73.779
+40.75%
	27.811
+23.41%
	93.909
	18.353

	Note1
- schemes
    - Static TDD ： The DL: UL ratio for the allocated slot is fixed and the same DL: UL ratio is used by all nodes in the network The scheme is the  baseline.
    - Dynamic TDD：The change of transmission direction/transmission direction is dependent on the incoming traffic and the scheduler decisions and any slot can transmit DL or UL traffic.
    - Dynamic TDD with sensing：The method of dynamic TDD is used along with a sensing operation at the gNB or UE before DL transmission (e.g. the UE  performs sensing on the DL slot, if successful the UE can transmit its UL traffic on the DL slot) or UL transmission (e.g. the gNB performs sensing on the UL slot, if successful the gNB can transmit its DL traffic on the UL slot). 
-  FTP model 3 with 0.5Mbytes
-  Carrier frequency： 4.0GHz
-  BS antenna configurations： Omni antenna model, (M,N,P,Mg,Ng) = (1, 1, 2, 1, 1)
-  λ(files/s): 0.12, 0.2, 0.24. 
Note2
- RU for a link direction (DL or UL) is defined as the amount of occupied resources for the given link direction divided by the total number of resources  (irrespective of link directions).
- DL and UL Performance for different TDD cases                                                                                                                                                                                                                                                


Table A.3.1.2-3: Evaluation results for dense urban (source 3)
	Source 3 (R1-1702499), Dense urban

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	2:1
	Static (6:4)
	65.02
	136.53
	178.09
	127.99
	0.97
	14.9
	33.03
	65.02
	95.26
	65.39
	0.93
	9.37

	
	Duplexing flexibility w/o CLI mitigation scheme
	77.28
	170.67
	240.94
	163.16
	0.97
	15
	17.21
	39.77
	89.04
	44.19
	0.88
	15.53

	
	
	18.87%
	25.00%
	35.29%
	27.47%
	
	
	-47.90%
	-38.83%
	-6.52%
	-32.42%
	
	

	
	Duplexing flexibility w/ CLI mitigation scheme
	68.27
	141.24
	215.58
	139.98
	0.97
	17.62
	34.71
	73.14
	117.03
	73.65
	0.94
	10.02

	
	
	5.00%
	3.45%
	21.05%
	9.36%
	
	
	5.08%
	12.50%
	22.86%
	12.64%
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):
• DL power control: TRP with having “DL” direction reduces DL power in (flexible) subframe where the transmission direction of reference configuration is UL, which is based on target IoT level in the UL reception of the closest TRP. 
• UL power control: UL power boosting of 3 dB is assumed only at the flexible subframe where TRP changes its transmission direction from UL indicated by reference UL/DL configuration to DL 


Table A.3.1.3-1: Evaluation results for urban macro (source 1)
	Source 1 (R1-1702838), Urban macro

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
Low load
	Static TDD
	35.4
	79.9
	113
	79.2
	0.997
	19.1
	1.62
	15
	30.7
	15.4
	0.963
	17.7

	
	Case 1-1
	13.3
	93.2
	123
	84
	0.996
	13.9
	1.9
	22.2
	89.2
	30.7
	0.94
	18.1

	
	
	-62.43%
	16.65%
	8.85%
	6.06%
	
	
	17.28%
	48.00%
	190.55%
	99.35%
	
	

	
	Case 1-2
	8.53
	85.6
	123.4
	79.4
	0.997
	14.5
	2.1443
	24.385
	93.207
	31.54
	0.944
	17.6

	
	
	-75.90%
	7.13%
	9.20%
	0.25%
	
	
	32.36%
	62.57%
	203.61%
	104.81%
	
	

	
	Case 1-3
	11.7
	85.6
	123
	80.6
	0.995
	14.1
	1.87
	21.6
	98.7
	31.9
	0.951
	17

	
	
	-66.95%
	7.13%
	8.85%
	1.77%
	
	
	15.43%
	44.00%
	221.50%
	107.14%
	
	

	
	Case 2-1
	11.6
	101
	131
	88.6
	0.996
	14.1
	1.77
	24.9
	99.9
	32.8
	0.949
	14.8

	
	
	-67.23%
	26.41%
	15.93%
	11.87%
	
	
	9.26%
	66.00%
	225.41%
	112.99%
	
	

	
	Case 3-1
	15.8
	115
	140
	98.6
	0.997
	10.9
	2.22
	23.2
	96.4
	32.6
	0.936
	18.1

	
	
	-55.37%
	43.93%
	23.89%
	24.49%
	
	
	37.04%
	54.67%
	214.01%
	111.69%
	
	

	
	Case 3-2
	13.4
	112
	147
	97.3
	0.998
	10.4
	2.12
	35.2
	123
	44.6
	0.959
	14.7

	
	
	-62.15%
	40.18%
	30.09%
	22.85%
	
	
	30.86%
	134.67%
	300.65%
	189.61%
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):
- Interference mitigation schemes
  - At the transmitter, fixed analog beamforming and SVD precoding is applied.
  - At the receiver, MMSE-IRC receiver is applied.
- Ideal channel estimation
- FTP model 1 with 0.5Mbytes






Appendix II Simulation assumptions for Figure 1 (Coupling loss CDF)
	Parameters
	UMa（Urban Marco）

	Layout
	Macro layer: Hex. Grid

	Inter-BS distance
	Macro-to-macro: 500m

	Min. BS - UT distance (2D)
	35m

	Bandwidth
	20MHz

	Subcarrier Spacing
	15kHz

	UT distribution (horizontal)
	Uniform

	Channel model
	 TR 38.901

	BS antenna configuration 

	(M,N,P,Mg,Ng)=(8,8,2,1,1)
 (dH,dV)=(0.5,0.8)λ 

	BS antenna height:
	Macro: 25m

	UE Configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1)

	UE antenna height
	Same as 3D-UMa in TR36.873

	UT mobility (horizontal plane only)
	3km/h

	Cell selection criteria
	Cell selection is based on RSRP;

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB





Appendix III Simulation assumptions for Figure 3 (Subcarrier alignment)
	Parameter 
	Value

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Subcarrier space
	15 kHz

	Cyclic prefix
	Normal

	Waveform
	LTE & NR: DFT-S-OFDM;

	Antenna configuration
	1*2 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Number of PRBs
	6

	MCS
	QPSK 3/4, 256QAM1/2 

	Misalignment offset
	7.5 kHz
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